Abstract-The idea of big data represents a growing challenge for co mpanies such as Google, Yahoo, Bing, Amazon, eBay, YouTube, Linked In, Facebook, Instagram, and Twitter. However, the challenge goes beyond private companies, government agencies, and many other organizations. It is actually an alarm clock that is ringing everywhere: newspapers, magazines, books, research papers, online, offline, it is all over the world and people are worried about it. Its economic impact and consequences are of unproportioned dimensions. This research outlines the fundamental literature required to understand the concept of big data. Additionally, the present work provides a conclusion and recommendations for further research on big data. This study is part of an ongoing research that addresses the link between economic growth and big data.
I. INTRODUCTION
Whenever you perform an Internet search, your inquiries and successive clicks are usually recorded. Likewise, every time you shop on Amazon or eBay, your purchase and every click is caught and logged; in a nutshell, your customer behavior is most likely recorded [1] .
As a result, data is exponentially increasing, getting bigger and bigger.
On the other hand, the literature on big data continues to expand as this paper is being crafted. Big data is a polysemy term with multiple definitions and meanings. Therefore, as highlighted by Diebold in 2012 in h is paper On the Orig in(s) and Develop ment of the Term "Big Data", the term big data "spans computer science and statistics/econometrics, probably originated in a lunch-table conversations at Silicon Graphics Inc. (SGI) in the mid 1990s" [2] .
Likewise, big data "applies to in formation that can"t be processed or analyzed using traditional processes or tools. Furthermore, b ig data is referred to "data volu mes in the range of exabytes (10 18 ) and beyond. Such volumes exceed the capacity of current on line storage systems and processing systems. Data, informat ion, and knowledge are being created and collected at a rate that is rapidly approaching the exabyte/year range. But, its creation and aggregation are accelerating and will approach the zettabyte/year range with in a few years. Vo lu me is only one aspect of big data; other attributes are variety, velocity, value, and complexity" [3] .
Big data represents the state-of-the-art techniques and technologies used to capture, store, allocate, manage and perform analysis of large datasets (petabyte-or largersize) with high-velocity and different structures that traditional data management systems are not capable of handling [4] .
As a matter of fact, credit for the concept of big data must be shared; in particular with John Mashey and many others at SGI, responsible for p roducing "highly-relevant (unpublished, non-academic) work in the mid-1990s" [2] .
Similarly, b ig data has "demonstrated the capacity to improve predict ions, save money, boost efficiency and enhance decision-making in fields as disparate as traffic control, weather forecasting, disaster prevention, finance, fraud control, business transaction, national security, education, and health care" [4] .
Big data is a notion that is associated with data science. Data science is the study of the transformation of the data into informat ion. For that reason, data science embraces big data analytics.
As a result, big data analytics is the process for analyzing and min ing big data. Consequently, big data analytics "can produce operational and business knowledge at an unprecedented scale and specificity" [5] .
Nonetheless, there is a need to receive a formal education in data science. Correspondingly, universities across the United States of A merica are now offering degrees in the data science area to fill the gap.
For examp le, you can obtain a master"s degree in Data Science fro m New York University; Illinois Institute of Technology; Indiana University, Bloo mington; Southern Methodist University; University of Virginia; Co lu mbia University; and many other schools .
Nevertheless, there are academic programs that emphasize on decision support systems, visualizat ion design, statistical packages, business analytics, and other academic orientations.
Each university has its own s pecific approach to deliver data science education.
In the same way, you can earn a master"s degree in Applied Business Analytics Management from Boston University. Th is graduate degree is very attractive because it could be done on campus and online. Though, the concept of big data represents a big challenge for many organizations across the globe.
However, such challenge is currently knocking the main door of private and government institutions worldwide and it needs to be addressed right away.
In "a few years more data will be availab le in a year than has been collected since the dawn of man" [3] .
As stated by IBM, "hu man beings now create 2.5 quintillion bytes of data per day. The rate of data creation has increased so much that 90% of the data in the world today has been created in the last two years alone" [5] .
Consequently, big data requires immed iate actions; otherwise, its impact could produce a do mino effect on the organization"s in formation assets, generating a technological and economic outrage.
In practice, organizations are putting together big data project teams to tackle the big data phenomenon.
In that sense, a typical core team includes the following roles: pro ject director (a top senior business management executive), chief information officer (CIO), project manager, a database administrator (DBA), IT security manager, online market ing manager, system architect, and business analytics manager.
Based on the organizat ion"s requirements, a big data project management imp lementation lifecycle (BDPM IL) needs to be defined by the core team in order to put into practice the big data technology and finally ach ieve success.
The BDPMIL provides the necessary phases required to accomplish the big data Project, along with the essential tasks needed to fulfill the implementation effort.
In the same way, the BDPMIL includes all the milestones and deliverables needed to achieve the project, which is constrained by cost, time, scope, big data technology, around the quality constraint Likewise, a p roject governance organizat ion has to be established to oversee the entire big data Project.
In consequence, once the big data Project is successfully co mpleted, many of the team members are usually moved into a new data science organizational unit under the company"s IT department.
As a result, big data is a global technological fact with massive economic implications.
Due to the fact that implementing big data technology is a co mplex assignment, it is possible to breakdown the big data Project into subprojects, producing a big data Program, which is constrained by the dependency among the constituent projects, the realization of the program benefits, and the management of the deliverables between projects.
In some cases, organizat ions go one step further and structure their big data imp lementation effort into a big bata Project Port folio, which is constrained by each of the project investments.
Nevertheless, the review of the current literature has revealed a limited gap in producing a research based fra mework for visualizing the origin and technical foundation of big data. Therefore, this article was written to introduce the fundamental literature rev iew of such important topic.
The rest of this paper is organized into the follo wing sections: (2) In where, Big Data is defined as a mathemat ical set that includes the following features.
Data Volume: Th is feature measures the amount of data open to an organization. The idea is for the organization to have access to the proper data. However, it is possible that such data is owed by somebody else. Though, it is important to point out that it is probable that as data volume increases, the value of several data records will decrease in relation to type, age and quantity among other elements [3] .
Data Variety: This characteristic measures the richness of the data format (e.g., text, audio and video). Fro m the big data analytics viewpoint, it is perhaps a key challenge to effectively using a large amount of data. This is because some of the data are co ming in d ifferent layouts and generated from multiple data sources [3] .
Data Velocity: This feature measures how rap id the data is created, streamed, and aggregated. However, it is also important to h ighlight that e-commerce capability has promptly imp roved the speed and richness of data velocity. Data Value: Th is feature measures the usefulness of the data in the decision-making p rocess. Specifically, it is associated with the data value that is p rovided to the organization [3] .
Complexity: This characteristic measures the degree of interdependence and interconnectedness of big data structures [3] .
III. GOING FROM MEGABYTE T O YOTTABYTE
In this section, we will introduce some illustrations of the units of measurement of data volume.
In practice, the idea of data volu me is essential to grasp the concept of big data.
As depicted in Fig.1 ., we have adapted the overview of data scale from megabytes to yottabytes (log scale) to provide an example of data volume [6] .
The mentioned figure indicates that a Megabyte is 1,000,000 bytes (10 6 bytes); one Gigabyte is equivalent to 1,000,000,000 bytes (10 9 bytes); a Terabyte is 1,000,000,000,000 bytes (10 12 bytes); a Petabyte is 1,000,000,000,000,000 bytes (10 15 bytes); one Exabyte is 1,000,000,000,000,000,000 bytes (10 18 bytes); a Zettabyte is 1,000,000,000,000,000,000,000 bytes (10 21 bytes); and one Yottabyte is equal to 1,000,000,000,000,000,000,000,000 bytes (10 24 bytes). IV. ABOUT T HE BIG DEAL WIT H BIG DATA According to Einav and Levin [1] , a su mmary of the big deal with b ig data is encapsulated in the following paragraph.
During the last thirty years, technology has changed our lives. Looking at the Internet, cell phones, text messaging, electronic health records, and employ ment records, all these footsteps are part of the trails that we leave behind. Evidently, data is everywhere about us. However, what is new about it is that the data is now retrieved faster, has larger exposure and scope, and includes new types of remarks and observations that previously were not there. Therefore, data is now available on a large scale. At present, data sets come with masses of distinct observations and an enormous number of co mments. For that reason, it is real b ig and the discipline of b ig data was born. Likewise, it is available in real time. The magnificence of real-time capability in term of capturing and processing data is that it beco mes vital for many big data business applications. Similarly, it is also available in all type of formats. A great amount of data is now being logged in events that previously were almost impossible to detect. Consider, for examp le, geolocation records showing where the persons are situated, along with social networks connections. In the same way, data is less structure and highly dimensionally. Nowadays, data can be loaded in all shapes and forms, for instance: databases, worksheets, videos, emails, websites, and graphics.
Nevertheless, it is important to highlight that the amount of information and knowledge that can be extracted fro m big data keeps growing as users come up with new ways to control and process the data found in big data environments [3] .
Big data is important because it captures the essence of the innovative phenomenon of science and business produced as part of the IT evolution [2] .
As a result, big data "will t ransform business, government, and other aspects of the economy" [1] .
Definitely, it can be stated that the arrival of big data will change the way we do business . Therefore, b ig data is here to stay and we need to cope with it.
V. ABOUT TYPES OF DATA
In order for you to co mprehend big data, it is necessary to understand the following three types of data [7] .
Structured Data: Th is is the data stored in tradit ional database structures. An example of this type of data is the data kept in relational database management systems (RDBMS).
Unstructured Data: This is the data with no formatting. Examples of this type of data are emails, PDF files, and online documents in general.
Semi-structured Data: Th is is the data that has been processed to some extent. Examp les of this type of data are HTM or XML-tagged texts. Consequently, Fig.2 . shows the three columns necessary to support the big data environment. In fact, structured data, unstructured data, and semi-structured data represent the pillars sustaining the big data management informat ion roof. Without proper management of these three columns, big data will be at risk.
VI. ADOPTING BIG DATA
The main three reasons for adopting big data are introduced in the following paragraphs [5] .
Decreasing Storage Cost: The cost of storage has extensively decreased during the last few years. Therefore, b ig data applicat ions are typically built to retain widely historical tendencies in storage devices that have reduced storage cost.
Variety of Formats: Big data tools allow you to load structured, unstructured, and semi-structured data in a variety of formats without defining schemas ahead of time.
Innovative Data Management Solutions: Solutions such as NoSQL databases and Hadoop increase the processing speed and queries of big data analytics. Accordingly, Fig.3 . depicts the interaction of above reasons for adopting big data.
Furthermore, in order to benefit fro m big data, innovative storage mechanisms and groundbreaking analysis methods need to be imp lemented [7] . Therefore, big data represents a significant investment in terms of hardware, software, management, and technological skills for many organizations.
Equally, big data technologies are organized into two groups: batch processing and stream processing. In that sense, batch processing are analytics on data at rest and stream processing are analytics on data in motion [5] . Some of the NoSQL databases are Amazon Dynamo DB; BigTable; Neo4j; db4o; MongoDB; Cassandra; Oracle NoSQL Database; CouchDB; and Riak. Fig.4 . shows the aforementioned NoSQL databases and their respective database types.
Fig.4. NoSQL Databases
Amazon DynamoDB service is provided by Amazon. Similarly, BigTable was built on the Google File System (GFS). BigTable is not available outside Google. By the same token, Neo4j was developed by Neo Technology. Equally, db4o (database for objects) was developed by Actian. Similarly, MongoDB was developed by MongoDB Inc. In the same way, Cassandra was developed by Apache Software Foundation. Likewise, Oracle NoSQL Database is an Oracle Corporation product. Equally, CouchDB was developed by Apache Software Foundation. And finally, Riak was developed by Basho technologies.
Additionally, HBase (a co lu mn-oriented database) is also introduced in this paper. In that sense HBase was developed by Apache Software Foundation using Java.
HBase runs on top of Hadoop Distributed File System (HDFS) and was modeled after Google's BigTable.
On the other hand, Hadoop is an open source ecosystem licensed by Apache Software Foundation. Hadoop has two core layers: (1) a co mputational layer, which is MapReduce; and (2) a storage layer, which is HDFS. Likewise, Hadoop includes the YA RN Framework. YA RN stands for Yet Another Resource Negotiator.
Moreover, it is applicable to mention the fo llo wing tools used by Hadoop: Flu me; Sqoop; Spark; Hive; Oo zie; Pig; Mahout; and Drill. So me authors include HBase as a Hadoop tool. Therefore, HBase was included in this paper as well.
As a result, Fig.5 . shows a representative sample of some of the technological pieces of the Hadoop solution. 
VIII. ABOUT MAJOR RISKS
A risk is the "probability or threat of damage, in jury, liab ility, loss, or any other negative occurrence that is caused by external or internal vulnerabilities, and that may be avoided through preemptive action" [8] .
Therefore, the three major risks that are usually affecting big data environ ments are described as follow [4] .
Privacy and Cybersecurity:
Are perhaps the highest risks for big data applications. Privacy denotes personally identifiable informat ion (PII) that is used to detect a person. Privacy beco mes a risk fo r b ig data; especially whenever sensitive data is mas sive collected about people with-or-without their knowledge.
A further case becomes the profiling of such people, which can defin itely result in the wrong conclusions about who someone really is.
On the other hand, cybersecurity deals with protecting big data applications against an Internet attack.
Making False Decisions: Big data analytics allow users to identify patterns from different data sources and forecast the relationships between variables.
However, b ig data analytics face the risk of misusing or misinterpreting the relat ionships between variables, originating false results.
Over-dependence on Data: Th is represents a significant risk to organizations because people become complete dependent of data for all the decisions they make.
Consequently, important things may be ignored and incorrect decisions may be made. The data diversity, size, and speed can meet only the essential but not appropriate conditions to solve the problem or assist with the decision-making process. Given the relevancy of the big data risks, Fig.6 . shows a visualization of these risks.
However, it is impo rtant to underline that big data Risks need to be managed properly in order to mitigate the threats against big data technology. As a result, big data Risk Management is a critical success factor that has to be in place in order to ach ieve big data accomplishment. The best way to visualize this classification is using Internet technologies (e.g., Web 1.0 and Web 2.0) to embrace the right version of the big data"s name.
For instance, in Web 1.0, organizations engaged themselves in setting the basic Internet technologies up in place so that they could establish a presence on the Internet, create electronic co mmerce functionality and increase operating efficiency and effectiveness. So me organizations can think themselves as being in the era of Big Data 1.0, they are currently engaged in creating capabilit ies to manage a large amount of data. This result in the right infrastructure required for supporting the big data environment in order to imp rove current operations. On the other hand, in Web 2.0, organizations started to exploit the interactive capability of the web using social networking such as Facebook, Twitter, and Instagram. Correspondingly, in the Big Data 2.0 era, the rise of the consumer"s ""voice"" beco me very important and it is used to evaluate products and services [9] .
While many organizat ions are currently in the era of Big Data 1.0, others have achieved the level of Big Data 2.0.
X. INTRODUCING T HE FOURTH PARADIGM
As displayed in Fig.7 ., the Pyramid of Parad ig ms shows the pathway toward the Fourth Paradig m for science on a large amount of data and intensive computing. observations, descriptions, and experimentations. Similarly, the Second Paradigm deals with the development of theories to exp lain the way the world works. Likewise, the Third Paradig m takes into account and further develops the previous theories in order to create extensive simu lations and models. Finally, the Fourth Paradig m has to do with data intensive scientific discovery that is available to science and society [6, 10] . As a result, the Fourth Paradig m deals with the world of big data.
XI. PRESENTING BIG DATA SAMPLE APPLICATIONS
The best approach to visualize b ig data is through real life practical applications . For that reason, in the subsequent paragraphs, big data sample applications are introduced.
Health Informatics: The discipline of health informat ics gathers medical data fro m molecu lar, t issue, patient, and population levels of the human being in order to assist the understanding of medicine and med ical practice procedures. Data such as clinical-scale, hu manscale biology, and ep idemic -scale are also captured via health informatics [11] .
Advanced Persistent Threats Detection: The advanced persistent threat (APT) is a direct attack perpetrated against a physical system or a high-value asset. APT maneuvers in a low-and-slow mode approach [5] . Therefore, APT management is a classic application of big data implementation.
Enterprise Events Analytics: On a daily basis, organizations collect a large amount of security data such as people action events, network events, and software application events.
Consequently, the analytical techniques which are not b ig data oriented, do not perform very well at this scale; they can actually generate a large number of false positives and their efficacy could be affected. Of course, things become unmanageable as organizations move to a cloud architecture environ ment and collect further data [5] .
Manufacturing: The incorporation of manufacturing automation, engineering, IT, and big data analytics are key successful factors in the manufacturing industry of today. Evolving technologies such as Internet of things (IoT), big data and cyber physical systems (CPS) make a significant contribution to measuring and monitoring real-time big data from the factory environment [12] .
Biomedical Big Data Initiative: The objectives of this National Institutes of Health (NIH) init iative are to facilitate the use of biomedical big data, along with the development and distribution of analysis methods and software for such data, and enhancing the training for biomed ical big data. Likewise, an additional objective is to create centers of excellence to study biomedical big data [4] .
Relationship Between Genes and Cancers: The Frederick National Laboratory has been using big data applications "to cross-reference the Cancer Geno me Atlas (TCGA) gene expression data from simulated 60 million patients and miRNA expression for a simu lated 900 million patients" [4] .
Using NetFlow Monitoring to Identify Botnets: This application allo ws users to analyze large quantities of netFlow data in order to identify infected hosts participating in the botnet effort [5] .
Network Security: This application allows users to perform a frequency network security analysis of events. This includes data min ing of security information co ming fro m firewalls, website traffic, security devices, and many other sources [5] .
Expanding Evidence Approaches for Learning in a Digital World: The U.S. Depart ment of Education has developed several big data learning applications to explore how people learn [4] .
Molecular Simulation: The molecular simulat ion (MS) is a prevailing tool for studying chemical and physical characteristics of large systems in engineering and scientific areas. MS generates a very large number of atoms required to study their spatial and temporal links necessary to perform a scientific study. Consequently, MS applications need appropriate big data access and intensive process mechanism [13] .
Government Search Engine: USASearch.gov is a sitesearch service provided by GSA that allo ws users to perform a "public"s search on federal, state, local, tribal, and territorial government websites " [4] .
Similarly, prospective areas of application of big data technology are: (1) airline traffic control; (2) market ing analysis; (3) electronic encyclopedia summarizat ion system as highlighted by Hatipoglu and As a result, we conclude that big data provides the strategic input required to make critical decisions in organizations.
Consequently, the following ideas have emerged as a ground base for addit ional research on big data: study the application of big data to a space program; support support of agro-industrial engineering projects with big data; study the application of Matlab to big data; use of visualizat ion to analyze geospatial data; study the visualizat ion of social media data; study navy, army, air force, and national guard data with visualization; study the application of infographic; develop an agriculture big data model; study big data visualization philosophy ; understand machine learn ing with big data; identify big data issues; analyze the use of IBM SPSS with big data; conduct big data simulations; study the philosophy of HDFS; study the application of the statistical package R to big data; study the data conversion process from RDBM S to NoSQL databases; study the interfaces of Hadoop with NoSQL databases; understand the link of Hadoop with legacy systems; review big data security, ownership, privacy, and governance; study the data conversion process from RDBMS to Hadoop; and study big data analytics tools and techniques .
Likewise, it is reco mmended to group big data and data science practitioners and scholars in a Data Science Institute (DSI) in order to create a Data Science Body of Knowledge (DSbok); set up several levels of professional certifications in big data and data science; and build a progressive suite of big data and data science education and training programs.
It is equally important to create an accreditation program for universities that are offering data science and big data degrees.
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